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INTRODUCTION 

O i l  s h a l e  i s  a laminated rock of sedimentary o r i g i n  t h a t  ranges  from gray t o  
d a r k  brown t o  almost b lack .  
which i s  de r ived  from p l a n t  and animal remains (I>. 
common organic  s o l v e n t s ,  bu t  when hea ted  t o  about  900°F i t  y i e l d s  s h a l e  o i l .  
s h a l e  o i l  resembles petroleum i n  t h a t  i t  i s  composed of hydrocarbons and s u l f u r - ,  
n i t rogen- ,  and oxygen-der iva t ives  of hydrocarbons.  

It owes i t s  c o l o r  t o  carbonaceous m a t t e r  c a l l e d  "kerogen" 
Kerogen i s  l a r g e l y  i n s o l u b l e  i n  

Th i s  

The d iscovery  of porphyr ins  i n  petroleum and o i l  s h a l e  by T r e i b s  (12, 2) i n  
I n  1934 gave d i r e c t  evidence f o r  t h e  organic  o r i g i n  of petroleum and o i l  s h a l e s .  

1953 Groennings Q) publ i shed  a method f o r  e x t r a c t i n g  and spec t ropho tomet r i ca l ly  
de te rmining  porphyr ins  i n  petroleums. Groennings' procedure s t imu la t ed  t h e  work 
on t h e  a n a l y s i s  of porphyr ins  i n  n a t u r a l  p roducts .  
e x t r a c t e d  Green River  o i l  s h a l e  wi th  va r ious  s o l v e n t s  and ob ta ined  a number of 
e x t r a c t s  that con ta ined  porphyrin-metal  complexes. They concluded t h a t  t h e  major- 
i t y  of t h e  porphyr in  e x i s t s  i n  t h e  s h a l e  as an  i ron-porphyr in  complex. Although 
t h e s e  r e s e a r c h e r s  have r epor t ed  t h e  occurrence  of porphyr ins  i n  o i l  s h a l e ,  no one 
has  r epor t ed  t h e i r  p resence  i n  s h a l e  o i l .  
mine i f  porphyr ins  were a b l e  t o  s u r v i v e  t h e  r e t o r t i n g  s t e p  and i f  so, what changes 
were brought about  by r e t o r t i n g .  

In  1954 Moore and Dunning e) 

The p r e s e n t  work was under taken  t o  d e t e r -  

It w a s  found i n  t h i s  i n v e s t i g a t i o n  t h a t :  

Porphyr ins  a r e  p re sen t  i n  s h a l e  o i l  so they  s u r v i v e  t h e  r e t o r t i n g  s t e p .  

R e t o r t i n g  changes t h e  porphyr ins  from phy l lo  t o  e t i o  type ,  and t h e i r  
average  molecular  weight i s  lowered. Th i s  lowering of t h e  molecular 
weight is p a r t i a l l y  accounted f o r  by decarboxyla t ion .  

Porphyr ins  p r e s e n t  i n  s h a l e  o i l  are shown t o  be  a complex mixture  of pre-  
dominantly e t i o  type wi th  an average  of n i n e  methylene s u b s t i t u e n t s  on 
t h e  porphine r ing .  The abso rp t ion  spectrum of t h e  p u r e s t  porphyrin pre-  
pared was n e a r l y  i d e n t i c a l  t o  t h e  spectrum of a syn thes i zed  e t i o - t y p e  
porphyr in .  

EXPERIMENTAL WORK 

Method of E x t r a c t i n g  Porphyr ins  

Groennings' method (1) f o r  t h e  e x t r a c t i o n  o f  porphyr ins  was used wi th  two modi- 
f i c a t i o n s :  (1) To reduce l o s s  o f  porphyr ins  t o  t h e  organic  phase,  a 20 percent  



hydroch lo r i c  a c i d  s o l u t i o n  w a s  used i n s t e a d  of t h e  recommended 7 pe rcen t  s o l u t i o n ,  
and ( 2 )  t o  minimize decomposition of t he  porphyr in  by con tac t  wi th  halogenated 
s o l v e n t s  (1) t h e  f i n a l  t r a n s f e r  of the porphyr ins  w a s  made i n t o  benzene i n s t e a d  of 
i n t o  chloroform. 

Source of M a t e r i a l s  S tudied  

The o i l  sha l e  s t u d i e d  w a s  from t h e  Mahogany Ledge o f  t he  Green River  format ion  
near  R i f l e ,  Colo. The s h a l e  conta ined  35 weight percent  organic  m a t t e r  and assayed 
64.3 g a l l o n s  of o i l  p e r  t o n  by t h e  Modified F i sche r  a s say  method (10). Because the  
s h a l e  conta ined  approximate ly  10 pe rcen t  by weight of C02 a s  mine ra l  ca rbona te s ,  i t  
was p r e t r e a t e d  wi th  4 p e r c e n t  hydroch lo r i c  a c i d  and a i r - d r i e d  p r i o r  t o  the  porphyrin 
e x t r a c t i o n  s t e p .  

The c rude  s h a l e  o i l  was produced i n  an  i n t e r n a l l y  f i r e d  r e t o r t .  The feed  sha le  

Se lec t ed  p r o p e r t i e s  of t h e  o i l ,  u s ing  t h e  
f o r  t h i s  r e t o r t  was a l s o  from t h e  Mahogany Ledge of t h e  Green River  format ion  and 
averaged about  30 g a l l o n s  of o i l  pe r  ton.  
Bureau of Mines s h a l e - o i l  a s s a y  method (11), were s p e c i f i c  g r a v i t y ,  0.950;  weight 
pe rcen t  n i t r o g e n ,  2.11; weight  pe rcen t  s u l f u r ,  0.88; and a d i s t i l l a t i o n  a n a l y s i s  of 
4.6 volume percent  naphtha ,  14.3 volume pe rcen t  l i g h t  d i s t i l l a t e ,  26.7 volume per- 
c e n t  heavy d i s t i l l a t e ,  and 54.3 volume pe rcen t  residuum. 

S p e c t r a l  Procedures  

The abso rp t ion  s p e c t r a  from 450 t o  650 mu of a l l  porphyr in  ex t r ac t s , concen-  
t r a t e s ,  and r e f e r e n c e  compounds were obta ined  i n  benzene s o l u t i o n .  The method of 
Dunning e) was used f o r  c o r r e c t i n g  f o r  background abso rp t ion  i n  de te rmining  t h e  
type and q u a n t i t y  of porphyr ins .  The s p e c t r a l  r e f e rence  compounds used i n  t h i s  
r e sea rch  were mesoporphyrin I X  d ime thy le s t e r  and e t ioporphyr in  I. 

Low-ionizing-voltage and h igh - ion iz ing -vo l t age  mass s p e c t r a  were obta ined  on 
s e l e c t e d  e x t r a c t s  and c o n c e n t r a t e s .  When a n i c k e l  complex of a porphyr in  sample was 
in t roduced  i n t o  t h e  mass spec t romete r ,  t h e  spectrum obta ined  was of t h e  n i c k e l  com- 
p lex .  
indium c h l o r i d e  complex of t h e  porphyrins.!/ I n  both  cases  t h e  mass s p e c t r a  w i l l  be 
d i scussed  a s  t h e  s p e c t r a  of  t h e  uncomplexed porphyr ins .  

The i n t r o d u c t i o n  of uncomplexed p o r  h y r i n s  r e s u l t e d  i n  t h e  spectrum of t h e  

E x t r a c t i o n  and Concent ra t ion  of Porphyr ins  From Sha le  O i l  

Small- Sca l e  E x t r a c t  ion 

A 100-gram sample of t h e  c rude  s h a l e  o i l  was e x t r a c t e d  us ing  t h e  modi f ied  Groen- 
n ings '  method. Th i s  e x t r a c t  was  p u r i f i e d  by chromatographing it on a column con ta in -  
i ng  100 grams of a c t i v a t e d  alumina. 
t h e  i n i t i a l  e luen t .  Benzene e l u t i o n  was cont inued  u n t i l  t h e  so lven t  was almost 
c o l o r l e s s .  

Benzene'was used t o  prewet t h e  alumina and a s  

S p e c t r a l  examinat ion  of t h e  benzene showed t h a t  no prophyr ins  were 
~~ 

- 1/ The indium c h l o r i d e  i n  t h e  ins t rument  r e s u l t e d  from t h e  r e a c t i o n  o f  indium used 
f o r  t h e  va lves  i n  t h e  sample i n t r o d u c t i o n  system and c h l o r i n e  from ch lo r ina t ed  
s o l v e n t s  used i n  o t h e r  mass s p e c t r a l  p r o j e c t s .  

I 
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removed. 
and e l u t i o n  wi th  t h i s  s o l v e n t  w a s  cont inued u n t i l  no porphyr ins  were d i s c e r n i b l e  i n  
t h e  e l u e n t .  
a f t e r  t h e  chromatographic s t e p .  
on the  chromatographica l ly  p u r i f i e d  e x t r a c t .  

The porphyrin band w a s  removed from the column u s i n g  1 ,2-d ich loroe thane ,  

V i s i b l e  a b s o r p t i o n  s p e c t r a  were obta ined  on t h e  e x t r a c t  before  and 
Low- and h i g h - v o l t a g e  mass s p e c t r a  were obtained 

Large-Scale E x t r a c t i o n  

To o b t a i n  enough porphyr in  e x t r a c t  f o r  a c h a r a c t e r i z a t i o n  s tudy ,  2,300 grams o f  
c rude  s h a l e  o i l  was e x t r a c t e d  by t h e  modif ied Groennings' method. The e x t r a c t  w a s  
chromatographed on 1,000 grams of  a c t i v a t e d  alumina. Benzene was used t o  prewet t h e  
column and t o  e l u t e  t h e  c o l o r e d  i m p u r i t i e s ,  as was done on the s m a l l - s c a l e  exper i -  
ment. The porphyr ins  were s lowly e l u t e d ,  u s i n g  f i r s t  recyc led  benzene and then 
mixtures  of benzene and 1 ,2-d ich loroe thane .  Twenty f r a c t i o n s  were c o l l e c t e d  u s i n g  
benzene and 11 u s i n g  benzene c o n t a i n i n g  i n c r e a s i n g  q u a n t i t i e s  of 1 ,2-dichloroethane.  
V i s i b l e  a b s o r p t i o n  s p e c t r a  w e r e  ob ta ined  on a l l  f r a c t i o n s ,  and mass s p e c t r a  were 
obtained on s e l e c t e d  f r a c t i o n s .  

Countercur ren t  e x t r a c t i o n  was used as a n  a d d i t i o n a l  s e p a r a t i o n  on s e v e r a l  of 
t h e  f r a c t i o n s  from t h e  l a r g e - s c a l e  chromatographic  s e p a r a t i o n .  I n  each case ,  cyclo-  
hexane and 0.25 N h y d r o c h l o r i c  a c i d  wei-e used as t h e  immiscible  s o l v e n t s  and 100 
t r a n s f e r s  were made. Absorp t ion  d a t a  were used t o  determine t h e  d i s t r i b u t i o n  of 
porphyr ins  i n  t h e  100 tubes .  Each t ime t h e  s e p a r a t i o n  was i n t o  f o u r  areas with con- 
c e n t r a t i o n  maxima o c c u r r i n g  n e a r  tubes 33, 55, 75, and 95. The porphyr ins  i n  t h e  
tubes  i n  each of  the c o n c e n t r a t i o n  areas w e r e  combined, and mass and absorp t ion  
s p e c t r a  were obta ined  on the recovered porphyrins .  

E x t r a c t i o n  o f  Porphyrins  From O i l  Sha le  

A sample of the h y d r o c h l o r i c  a c i d  leached s h a l e ,  c o n t a i n i n g  105 grams of organic  
m a t t e r ,  w a s  placed i n  a g l a s s  bomb, and 300 m l  of benzene w a s  added as a d i s p e r s a n t .  
The modif ied Groennings' e x t r a c t i o n  procedure was used t o  e x t r a c t  t h e  porphyrins ,  
except  t h a t  the  bomb was shaken cont inuous ly  d u r i n g  t h e  e x t r a c t i o n .  V i s i b l e  absorp-  
t i o n  and mass s p e c t r a  were obta ined  on t h e  r e s u l t i n g  e x t r a c t .  

RESULTS AND DISCUSSION 

Porphyrin i s  t h e  term a p p l i e d  t o  a class of  compounds i n  which f o u r  p y r r o l e  
r i n g s  are u n i t e d  by b r i d g e  carbons t o  form a conjugated ,  macrocycl ic  s t r u c t u r e ,  known 
as  porphine. F igure  1 shows t h e  numbering system t h a t  w i l l  be  used i n  t h i s  paper  f o r  
t h e  porphine r i n g  e). 
genated,  n i t r a t e d ,  o r  sublimed without  d e s t r o y i n g  t h e  macrocycl ic  s t r u c t u r e  e). T h i s  conjugated r i n g  system i s  h e a t  s t a b l e  and can be halo- 

Porphyr ins ,  d i s s o l v e d  i n  organic  s o l v e n t s ,  have a t y p i c a l ,  four-banded absorp-  
They have been classi-  t i o n  spectrum i n  the v i s i b l e  r e g i o n  between 450 and 650 mu. 

f i e d  i n t o  e t i o ,  p h y l l o ,  and rhodo types  accord ing  t o  t h e  h e i g h t  of t h e  i n d i v i d u a l  
peaks r e l a t i v e  t o  one a n o t h e r  (2). R e p r e s e n t a t i v e  s p e c t r a  of each  of these  t h r e e  
types  are  shown i n  f i g u r e  2.  The f o u r  bands o r  peaks a r e  numbered I, 11, 111, and 
IV s t a r t i n g  from t h e  long-wavelength end of the spectrum. I n  g e n e r a l ,  t h e  h e i g h t  of 
t h e  peaks i n c r e a s e s  toward t h e  s h o r t e r  wavelengths. 

Porphyrins  that have methyl ,  e t h y l ,  v i n y l ,  p ropionic  a c i d ,  o r  hydrogen i n  
p o s i t i o n s  2 ,  3,  7 ,  8, 1 2 ,  1 3 ,  17, and 18 (see f i g u r e  1) around the porphine r i n g  



?95 :1 
give  t h e  e t i o - t y p e  spectrum. This  e t i o - t y p e  spectrum, which i s  c h a r a c t e r i s t i c  of 1 
blood-pigment porphyr ins ,  h a s  f o u r  peaks, which become p r o g r e s s i v e l y  h igher  proceed- 
i n g  from the  l o n g e r  t o  t h e  s h o r t e r  wavelengths. The s h a l e - o i l  e x t r a c t s  and concen- 
trates gave e t i o - t y p e  s p e c t r a .  ! The phyl lo- type spectrum, which is t y p i c a l  o f  t h e  c h l o r o p h y l l  porphyr ins ,  has  
peak I1 l a r g e r  than 111. This  type  of spectrum h a s  been a t t r i b u t e d  e i t h e r  t o  the  
presence o f  a n  i s o c y c l i c  r i n g  between one of t h e  p y r r o l e  r i n g s  and t h e  a d j a c e n t  br idge 
carbon atom o r  t o  a n  a l k y l  group on one o f  t h e  b r i d g e  carbon atoms. 
e x t r a c t s  gave phyl lo- type  s p e c t r a .  i The o i l - s h a l e  

The rhodo-type spec t rum has  been observed i n  compounds having  a carbonyl  group 
a t t a c h e d  t o  one of t h e  p y r r o l e  r i n g s  and h a s  t h e  number 111 peak as  t h e  s t r o n g e s t  of  , 
s h a l e  o r  s h a l e - o i l  e x t r a c t s .  
t h e  f o u r  main peaks. The rhodo-type spectrum w a s  n o t  observed f o r  any  of  t h e  o i l -  '1 

I 
The porphyrins  i n  t h e  e x t r a c t  from o i l  s h a l e  were c h a r a c t e r i z e d  by the  use  of 

The a b s o r p t i o n  spectrum o f  t h i s  o i l - s h a l e  e x t r a c t  i s  , 
a b s o r p t i o n  and mass s p e c t r a .  
shown i n  f i g u r e  3 .  This spectrum i s  c h a r a c t e r i s t i c  of phyl lo- type  porphyr in ,  which 
has  peak I1 h i g h e r  t h a n  peak 111. j 

The low-voltage mass spectrum showed porphyr ins  wi th  molecular  weights  from 4 6 2  ; t o  536. The i o n s  i n  t h i s  spectrum were i n  t h e  t h r e e  fo l lowing  homologous series: I 

(1) The a l k y l - s u b s t i t u t e d  porphine series,  (2) the series two mass units g r e a t e r  
than t h e  porphine series, and (3)  t h e  series two mass u n i t s  less than  the porphine 
series. F igure  4 shows t h e  d i s t r i b u t i o n  of  i n t e n s i t i e s  of  t h e  i o n s  f o r  the  s e r i e s  
o c c u r r i n g  a t  two mass u n i t s  g r e a t e r  than  t h e  porphine series. 
weight o f  the porphyr ins  i n  t h i s  series (as c a l c u l a t e d  from t h i s  d i s t r i b u t i o n )  i s  
508. More than h a l f  o f  t h e  t o t a l  i o n s  i n  t h e  low-voltage spectrum w e r e  i n  t h i s  s e r i e s ,  
and t h e  d a t a  p r e s e n t e d  i n  f i g u r e  4 r e p r e s e n t  t h e  t h r e e  s e r i e s .  

I 

j The average  molecular  - >  
1 

i 
I n  t h e  h igh-vol tage  spectrum of  the o i l - s h a l e  e x t r a c t  there was a series of  i o n s  

This series o f  i o n s  was shown t o  be  a f r a g -  44 mass u n i t s  less t h a n  t h e  p a r e n t  i o n s .  
ment i o n  series cor responding  to the loss of C02 from t h e  porphyrins .  

' 
1 

These c h a r a c t e r i z a t i o n  d a t a  show t h e  fo l lowing  f a c t s  about  t h e  o i l - s h a l e  por- 
phyrins  : /' 

(1) Oil -sha le  porphyr ins  are composed of a t  least three homologous s e r i e s  of 
~ 

compounds w i t h  no fewer than s i x  d i f f e r e n t  compounds i n  each series. _- 

( 2 )  The m a j o r i t y  o f  t h e s e  compounds have a phyl lo- type  spectrum. 

(3) Some o f  t h e s e  porphyrins  have carboxyl  s u b s t i t u e n t s .  

( 4 )  The average molecular  weight of 508 f o r  t h e  o i l - s h a l e  porphyr ins  can be 
accounted f o r  by 1 carboxyl  and 11 methylene s u b s t i t u e n t s  on t h e  porphine 
r i n g .  

.( 

Before t h e  porphyr ins  from t h e  s m a l l - s c a l e  e x t r a c t i o n  of  s h a l e  o i l  could be  
c h a r a c t e r i z e d ,  i t  was n e c e s s a r y  t o  remove some of  t h e  i m p u r i t i e s  c a r r i e d  along by 
Groennings '  e x t r a c t i o n .  T h i s  was done by chromatographing on alumina, and the 
a b s o r p t i o n  s p e c t r a  of  t h e  porphyr in  e x t r a c t  b e f o r e  and a f t e r  chromatography a r e  shown 
i n  f i g u r e  5.  
graphic  s t e p  i s  shown by t h e  smaller background a b s o r p t i o n  i n  t h e  chromatographed 
c o n c e n t r a t e .  The s h a l e - o i l  e x t r a c t  both b e f o r e  and a f t e r  chromatographing gave an 
e t i o - t y p e  spectrum, whereas  t h e  o i l - s h a l e  e x t r a c t  showed a phyl lo- type  spectrum. 

Improvement i n  t h e  p u r i t y  o f  t h e  porphyr ins  by t h e  chromato- 
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I n  t h e  low-voltage mass spectrum of  t h e  s h a l e - o i l  e x t r a c t ,  more t h a n  90 percent  
F i g u r e  6 shows of t h e  p a r e n t  i o n s  were i n  t h e  a l k y l - s u b s t i t u t e d  porphine series.  

t h e  d i s t r i b u t i o n  of t h e  i o n s  i n  t h i s  series w i t h  molecular  weight range from 366 t o  
492. 
number of methylene s u b s t i t u e n t s  necessary  on t h e  porphine r i n g  t o  have t h i s  molec- 
u l a r  weight .  
c a l c u l a t e d  from t h i s  d i s t r i b u t i o n )  is  436, o r  t h e  e q u i v a l e n t  of  n i n e  methylene sub- 
s t i t u e n t s  on t h e  porphine r i n g .  

The a b s c i s s a  s c a l e  shows both  m / e  of  t h e  i o n s  (molecular weights)  and t h e  

The average molecular  weight of  the  porphyr ins  i n  s h a l e  o i l  ( a s  

I n  t h e  h igh-vol tage  spectrum of  t h e  s h a l e - o i l  e x t r a c t ,  t h e r e  was  no evidence of  
a fragment i o n  series 44 mass u n i t s  less than  t h e  p a r e n t  ions .  This  i n d i c a t e s  t h a t  
t h e r e  are no carboxyl  groups p r e s e n t  i n  s h a l e - o i l  porphyrins .  

These c h a r a c t e r i z a t i o n  d a t a  show t h a t  s h a l e - o i l  porphyrins  are predominantly 
a l k y l - s u b s t i t u t e d  porphines  wi th  4 t o  13 methylene groups p e r  molecule .  
a b s o r p t i o n  spectrum of t h i s  e x t r a c t  i s  of t h e  e t i o  type,  these a l k y l  s u b s t i t u e n t s  
are on the e i g h t  p y r r o l e  carbons i n  t h e  porphine r i n g .  

Because t h e  

Comparison of  t h e  c h a r a c t e r  of  t h e  porphyr ins  from o i l  s h a l e  wi th  t h e  c h a r a c t e r  
of t h e  porphyr ins  from s h a l e  o i l  i n d i c a t e s  t h e  changes t h a t  porphyr ins  undergo dur ing  
r e t o r t i n g .  These changes a r e  as fol lows:  

(1) The molecular  weight i s  lowered a n  average  of 72 mass u n i t s .  I n  p a r t ,  t h i s  
is  expla ined  by decarboxyla t ion .  
i s  equiva len t  t o  the loss of  one carboxyl  and t w o  methylene groups p e r  
molecule. 

The d e c r e a s e  i n  average  molecular  weight 

(2) The phyl lo- type  c h a r a c t e r  i s  changed t o  a n  e t i o - t y p e  c h a r a c t e r .  The reac- 
t i o n  necessary  t o  b r i n g  about  t h i s  change i n  s p e c t r a l  type  i s  t h e  removal 
o f  s u b s t i t u e n t s  from t h e  b r i d g e  carbons on t h e  porphine r i n g .  This  could 
a l s o  c o n t r i b u t e  t o  t h e  lowering of  t h e  molecular  weight of  t h e  porphyrins .  

F u r t h e r  c h a r a c t e r i z a t i o n  of  t h e  porphyr ins  i n  shale o i l  was accomplished by 
examining t h e  f r a c t i o n s  from t h e  chromatographic  s e p a r a t i o n  of t h e  l a r g e - s c a l e  sha le-  
o i l  e x t r a c t i o n .  The a b s o r p t i o n  s p e c t r a  o f  t h e  f i r s t  25 f r a c t i o n s  from t h i s  chro-  
matographic  s e p a r a t i o n  were o f  t h e  e t i o  type ,  and t h e s e  f r a c t i o n s  conta ined  70 percent  
of t h e  t o t a l  porphyrins  recovered.  Beginning wi th  the 2 6 t h  f r a c t i o n ,  t h e  h e i g h t  of 
peak I1 r e l a t i v e  to  peak 111 became i n c r e a s i n g l y  g r e a t e r .  This  i n d i c a t e d  t h a t  some 
phyl lo- type  porphyr ins  were be ing  e l u t e d  wi th  t h e  1 ,2-d ich loroe thane .  This presence 
of a phyl lo- type  porphyrin i n  t h e  s h a l e - o i l  extract  i s  a n  i n d i c a t i o n  t h a t  a p a r t  of 
t h e  porphyr ins  i s  r e l a t i v e l y  unchanged d u r i n g  r e t o r t i n g .  

A benzene-eluted f r a c t i o n  w a s  used t o  demonst ra te  f u r t h e r  the c h a r a c t e r  o f  t h e  
e t i o - t y p e  porphyrins  i n  s h a l e  o i l .  
pared,  and low- and h igh-vol tage  mass s p e c t r a  of  t h i s  complex were obta ined .  
peak h e i g h t s  i n  t h e s e  s p e c t r a  were c o r r e c t e d  f o r  i s o t o p e  c o n t r i b u t i o n .  
t h e  r e s u l t i n g  low-vol tage spectrum, and f i g u r e  7b is  the  r e s u l t i n g  h igh-vol tage  spec- 
trum. 
r e g i o n  o f  t h e  porphyrins .  

A n i c k e l  complex of t h e  1 5 t h  f r a c t i o n  was pre-  
The 

F i g u r e  7a i s  

Each of t h e  f i g u r e s  shows t h e  c o r r e c t e d  peaks only i n  t h e  molecular  weight 

The low-voltage mass spectrum h a s  only  i o n s  i n  t h e  porphine series. The number 
of s u b s t i t u e n t s  on t h e  porphine r i n g  i s  from 3 t o  12 methylene groups wi th  an average 
of 7 methylene s u b s t i t u e n t s  p e r  molecule. 
s u b s t i t u e n t s  over  even-numbered is  unexplained;  t h i s  d i s t r i b u t i o n  is  n o t  e v i d e n t  i n  
t h e  low-vol tage spectrum of  t h e  t o t a l  s h a l e - o i l  c o n c e n t r a t e  (see f i g u r e  5) .  

The g r e a t e r  abundance of  odd-numbered 
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Hood e) and Mead (7) have r e p o r t e d  t h e  mass s p e c t r a l  c racking  p a t t e r n  f o r  meta l  
complexes o f  e t i o p o r p h y r i n ,  and they  concluded t h a t  t h e  main f ragmenta t ion  process  is  
t h e  l o s s  o f  methyl groups.  The peaks shown i n  f i g u r e  7b a t  one mass u n i t  less than 
t h e  porphine series could  be  d u e  t o  t h e  loss of methyl  groups and i n d i c a t e  t h e  
presence  o f  methyl o r  e t h y l  s u b s t i t u e n t s  on t h e  porphine r i n g  of s h a l e - o i l  porphyrins .  

The h igh-vol tage  spectrum of t h i s  f r a c t i o n  shows t h e  presence o f  s i n g l y  charged 
i o n s  a t  ever3 m/e from the m o l e c u l a r  weight of  t h e  porphyr ins  t o  t h e  doubly charged 
p a r e n t  ions.-/ 
porphyr in  I t h e  porphyr in  s k e l e t o n  remains i n t a c t  because no s i n g l y  charged ions occur 
between the molecular  weight  of the porphyr in  s k e l e t o n  and t h e  doubly  charged parent  
ions .  The conclusion,  t h e r e f o r e ,  i s  t h a t  the f r a c t i o n  shows t h e  presence of impuri- 
ties. Because the  low-vol tage spectrum of  t h i s  f r a c t i o n  showed no molecular  i o n s  
o t h e r  than  porphyrins ,  t h e  i m p u r i t y  is  probably nonaromatic .  

Both Hood and Mead have shown t h a t  i n  t h e  mass spectrum of e t i o -  

Countercur ren t  e x t r a c t i o n  w a s  used t o  f u r t h e r  p u r i f y  the porphyr in  c o n c e n t r a t e s .  
F r a c t i o n  14 from the l a r g e - s c a l e  chromatographic  s e p a r a t i o n  was c o u n t e r c u r r e n t  extrac- 
ted  and s e p a r a t e d  i n t o  f o u r  c o n c e n t r a t e s .  Judging  by t h e  comparison of s p e c i f i c  
e x t i n c t i o n  c o e f f i c i e n t s ,  one o f  t h e s e  c o n c e n t r a t e s  w a s  t h e  p u r e s t  porphyr in  concen- 
trate prepared  i n  t h i s  work. That t h e  i m p u r i t y  was s t i l l  p r e s e n t  can be  seen by 
comparing t h e  molar e x t i n c t i o n  c o e f f i c i e n t  (2) f o r  t h i s  f r a c t i o n  which w a s  1.8 x lo3 
i n  benzene, wi th  tha t  f o r  e t i o p o r p h y r i n  I, which w a s  6.2 x lo3  i n  benzene. This 
impur i ty ,  however, h a s  low a b s o r p t i o n  i n  t h e  v i s i b l e  reg ion .  This  i s  i l l u s t r a t e d  by 
t h e  good agreement of the v i s i b l e  spectrum of t h i s  c o n c e n t r a t e  with t h e  spec t rum of 
a s y n t h e s i z e d  e t i o - t y p e  p o r p h y r i n  as shown i n  f i g u r e  8. 

The low-voltage mass spec t rum o f  t h e  porphyr in  c o n c e n t r a t e s  from c o u n t e r c u r r e n t  
e x t r a c t i o n  showed a series o f  molecular  i o n s  i n  t h e  porphine series. One of t h e  
c o n c e n t r a t e s  had p a r e n t  i o n s  o c c u r r i n g  a t  molecular  w e i g h t s  corresponding to f o u r  
t o  e i g h t  methylene s u b s t i t u e n t s  on t h e  porphine r i n g .  Of the to t a l  p a r e n t  i o n s  
p r e s e n t  i n  t h e  mass spectrum of t h i s  c o n c e n t r a t e ,  25 p e r c e n t  showed the  presence  of 
f o u r  methylene s u b s t i t u e n t s ,  and 65 percent  showed t h e  presence  of f i v e  methylene 
s u b s t i t u e n t s  . 

CONCLUSION 

This work has  demonstrated that  t h e  s k e l e t o n  of  t h e  porphyrin molecules  i n  o i l  
shale i s  capable  o f  s u r v i v i n g  r e t o r t i n g  tempera tures .  However, t h e  s u b s t i t u e n t  
groups on the s k e l e t o n  are changed. 
weight is  t h e  most obvious change. P a r t i a l  e x p l a n a t i o n  of  t h i s  r e d u c t i o n  w a s  demon- 
s t r a t e d  to  b e  decarboxyla t ioh .  
is the removal of s u b s t i t u e n t s  r e s p o n s i b l e  f o r  t h e  p h y l l o  character of t h e  o i l - s h a l e  
porphyr ins .  This could r e s u l t  e i t he r  from t h e  d e s t r u c t i o n  o f  an i s o c y c l i c  r i n g  o r  
from the removal o f  s u b s t i t u e n t s  from a br idge-carbon atom. 

As expected,  r e d u c t i o n  i n  average  molecular  

Another change t h a t  can be  i n f e r r e d  t o  t a k e  p l a c e  

The porphyr ins  p r e s e n t  i n  shale o i l  were shown t o  be  a complex mixture  of pre- 
The a b s o r p t i o n  spectrum of t h e  p u r e s t  porphyr in  prepared was dominant ly  e t i o  type.  

n e a r l y  i d e n t i c a l  t o  t h e  spec t rum of a synthes ized  e t i o - t y p e  porphyrin.  
i n  shale o i l  have an average  molecular  weight e q u i v a l e n t  t o  t h e  porphine  r i n g  wi th  
n i n e  carbon atoms of methylene s u b s t i t u e n t s .  The t o t a l  number of carbon s u b s t i t u e n t s  
ranged from 4 to  13. 

The porphyrins  

- 2/ T h i s  was t rue  f o r  a l l  e x t r a c t s  and c o n c e n t r a t e s  prepared i n  t h i s  work. 
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FIGURE I -Numbering 'system for the Porphine Ring 
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